Osteoporosis and bone fractures are of particular concern in patients with infl ammatory bowel disease (IBD). Biomechanical computed tomography (BCT) is an image-analysis technique that can measure bone strength and dual-energy X-ray absorptiometry (DXA)-equivalent bone mineral density (BMD) from noncontrast CT images. This study seeks to determine whether this advanced technology can be applied to patients with IBD undergoing CT enterography (CTE) with IV contrast.
INTRODUCTION
Osteoporosis and bone fractures have an increased prevalence in patients with infl ammatory bowel disease (IBD). In this patient population, the prevalence of osteoporosis ranges from 18 to 42 % ( 1,2 ), and the relative risk of fractures is estimated to be 40 % greater than that in the general population ( 3 -7 ) . Th is increased risk may be due to bone weakening associated with active bowel infl ammation, malnutrition, chronic steroid use, and / or hypogonadism ( 4, 8 ) . Other risk factors that are not directly associated with bowel infl ammation include advanced age, previous fragility fracture, a family member with a hip fracture, cigarette smoking, and low body mass index (BMI) ( 4,9 -11 ) . Th erefore, the American Gastroenterology Association has recommended dual-energy X-ray absorptiometry (DXA) screening for evaluation of bone in patients with IBD who have one or more of the following risk factors: corticosteroid use for greater than 3 months or a recurrent need of steroids, hypogonadism, fragility fracture, male > 50 years old, or postmenopausal patients ( 1 ) . If the initial DXA result is within normal limits, then a repeat evaluation should be performed in 2 -3 years as per guidelines ( 4 ) . Despite these recommendations and known risk factors, screening rates remain low for evaluation of bone in the IBD population ( 12 ) . Etzel et al. ( 13 ) found that in a cohort of more than 2,000 patients with IBD, only 23 % of the recommended group was tested for osteoporosis as per societal guidelines. Th ese suboptimal screening rates may be due to patient inconvenience associated with the already high number of tests required in this population. To further complicate the issue, even if the above guidelines are followed, many IBD patients with osteoporosis may not be identifi ed owing to suboptimal screening performance of societal guidelines. Addressing these challenges, a new image-analysis technique, biomechanical computed tomography (BCT) ( 14 ) , may provide an opportunity to improve screening rates in the IBD population and at no inconvenience to the patient. Th is technique provides a virtual stress test of the bone by combining medical image processing, bone biomechanics, and the engineering " fi nite element (structural) analysis " technique to noninvasively assess bone strength from clinical CT scans ( 14 ) . In addition to providing an estimate of the strength of the proximal femur, which is highly associated with fracture risk ( 15 -18 ) , two other important aspects of BCT are its ability to also provide DXA-equivalent measures of bone mineral density (BMD) and to be used without the need for an external calibration phantom. Th e latter enables the technique to be performed as an " add-on " ancillary analysis to a previously taken CT. Although review of anatomical images (axial and coronal images) with bone window settings is a routine part of CT enterography (CTE) interpretation and can identify avascular necrosis of the femoral head, vertebral body compression fractures, and sacral and other pelvic insuffi ciency fractures in patients with Crohn ' s disease, meaningful evaluation of BMD before fracture identifi cation is usually not possible. BCT analysis via post processing of CT enterography data can address this void. Th is ancillary BCT technique has been validated clinically in a previous study in which the BMD scores obtained from DXA and CT colonography had a high degree of agreement ( R 2 = 0.84) ( 19 ) . In fracture-outcome studies, BCT has also been shown to identify a subset of individuals without osteoporosis based on BMD but who have clinically relevant low levels of " fragile bone strength " , placing them at a high risk of fracture ( 18 ) .
Analysis of CTE images for quantitative BMD analysis is complicated by the presence of IV contrast in the CTE images, which can infi ltrate both the porous bone and the adjacent soft tissues ( 20 ) . We aimed to test the hypothesis that this novel technique could produce BMD measures and T -scores from CTE that correlated highly with those values obtained from DXA imaging. We also sought to determine whether the BCT-derived measures of femoral strength in this cohort can identify additional patients at high risk of fracture, and we assessed the relationship between femoral strength and age as very little is known about how strength depends on the age of IBD patients . As CTE scans are widely used for IBD small bowel assessments, if validated, this new ancillary image-analysis technique may provide an avenue to better defi ne the burden of osteoporosis and osteopenia in IBD patients, develop new screening guidelines, provide feedback to patients and clinicians about medical intervention for osteopenia or osteoporosis, and identify patients at high risk for fracture who require medical intervention.
METHODS

Patient identifi cation and inclusion criteria
Medical records were analyzed retrospectively to identify all patients who were 18 years or older with an established diagnosis of IBD (aft er an evaluation by a gastroenterologist or a colorectal surgeon) who underwent a CTE and DXA scan within 30 days of each other between 1 January 2007 and 31 December 2011 at Mayo Clinic in Rochester, Minnesota. Th e sample size was based on the total number of patients with dual studies available who met all other inclusion criteria. Baseline characteristics including gender, IBD subtype, age at imaging, and BMI were collected for each patient. CTE scans were all single-phase imaging studies with IV contrast acquired during the enteric phase (50 s delay) and using eight diff erent CT models (either Siemens, Milwaukee, WI or GE Healthcare, Malvern, PA ). DXA scans included an analyzable left hip, considered the nondominant hip in most patients, and were acquired using three diff erent DXA models (all by GE Lunar). All patients had signed a research authorization consent form at the time of their clinical assessment. Th e institutional review board at Mayo Clinic approved this study.
Exclusion criteria
Patients with a BMI ≥ 30 kg / m 2 were excluded, as were patients who did not have a BMI recorded within 30 days of both CTE and DXA. Individuals with insuffi cient femur coverage on CTE or image artifact due to metallic implants, a tumor, or other proximal femur abnormality were excluded. Patients who did not have analyzable left hip data on DXA were excluded as well. As noted earlier, patients without IBD or CTE and DXA performed > 30 days apart were excluded.
Study outcomes
As it is the preferred site for clinical fracture risk and osteoporosis assessment ( 21, 22 ) , femoral neck T -score from areal BMD (g / cm 2 ) was the primary outcome. Secondary outcomes included femoral strength (in Newtons, N) and bone health classifi cations.
Image and data analysis
Aft er patient identifi cation and before sending images to O.N. Diagnostics (Berkeley, CA), all CTE scans, including both axial and coronal slices, were de-identifi ed. Each scan was then submitted to O.N. Diagnostics in Digital Imaging and Communications in Medicine format for analysis. In addition to the images, O.N. Diagnostics was provided with de-identifi ed baseline patient characteristics and CTE specifi cs (including X-ray tube energy (kVp), X-ray tube current (mAs), fi eld of view, reconstruction kernel, and slice thickness). All analyses of CTE images were performed blinded to the DXA data. Each CTE scan, which spanned from approximately the T12 vertebra to the proximal femur, was fi rst calibrated using a previously developed phantomless technique based on the analysis of the visceral fat surrounding the L1 vertebra and the external air.
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Areal BMD is the standard outcome from a DXA test and is expressed for osteoporosis classifi cation as a " T -score " , namely, the number of s.d. that the patient ' s BMD measure is below the mean BMD of a reference population of young women. As the BMD is measured from a two-dimensional projectional image, it has units of gm / cm 2 and is not a true (volumetric) measure of density. To measure areal BMD from the CTE scans, the femur was segmented using a local threshold scheme that is independent of the calibration, virtually removed from the surrounding tissue, rotated into a standardized coordinate system at a DXA-like degree of internal rotation, and then projected into a frontal plane. Femoral neck areal BMD was then calculated from each projected image using the same regions of interest as used in DXA ( Figure 1 ), and the respective T -scores were calculated using the Th ird National Health and Nutrition Examination Survey database as per World Health Organization and Fracture Risk Assessment Tool guidelines; young female reference values were used for both sexes ( 21 ) .
To measure biomechanical femoral strength, the calibrated segmented images were converted into three-dimensional fi nite element models ( Figure 1 ), using techniques described previously ( 15,23 -25 ) . Th e calibrated segmented image was resampled and rotated into a standardized coordinate system for a sideways fall and converted into a voxel-type mesh, using 1.5 mm-sized cubeshaped elements. Isotropic material properties for elements were then calculated using empirical relations based on the BMD information in the underlying calibrated CT scan. Virtual loads were applied to simulate a sideways fall with impact on the lateral aspect of the greater trochanter and with the femur rotated at 15 ° to the horizontal and with 15 ° of internal rotation. Th e femoral strength was then obtained from the resulting force-deformation curve, as the force at 4 % deformation. Th is technique has been well validated in both cadaver strength and prospective fracture-outcome clinical studies ( 15, 18 ) .
Statistical analysis
Th e primary assessment of agreement between the T -scores as measured by the two modalities was determined by linear correlation ( 26 ) . General linear regression was used to determine whether the diff erence in T -scores between the two imaging modalities, on a per-patient basis, was associated with various patient factors (age, sex, BMI, and time between DXA and CT scans). Contingency analysis and the κ -statistic were used to quantify the agreement in classifi cation, in which osteoporosis was defi ned as a femoral neck T -score ≤ − 2.5 (by either DXA or CTE) ( 27 ) , osteopenia was defi ned as a femoral neck T -score between − 1 and − 2.5 ( 27 ) , and " fragile bone strength " was defi ned as a femoral strength of less than 3,000 N for women and less than 3,500 N for men ( 18 ) . Th ese FDA-cleared diagnostic thresholds were all predetermined in advance. We used the Wilson score method to calculate a 95 % confi dence interval (CI) for sensitivity and specifi city ( 28 ) . All statistical analyses were performed in JMP (version 5.0, SAS Institute, Cary, NC).
RESULTS
Of the 234 adult patients considered for inclusion into the study, 98 were excluded ( Table 1 ) , leaving a total of 136 study patients ( Table 2 ). Left hips were analyzed with both CTE and DXA for 71 women and 65 men, with a median pooled age of 43.5 years (range, 18 -85 years) at the time of imaging, and a median BMI of 23.0 kg / m 2 (range, 14.4 -28.7). Of these 136 patients, 88 (64.7 % ) had Crohn ' s disease and 45 (33.1 % ) had ulcerative colitis; 3 patients were classifi ed as having indeterminate colitis. Additional demographic data including disease activity, disease phenotype, current medications, and prior history of bowel resections are shown in Table 2 . Eighty percent of the CTE and DXA exams were taken within 5 days of each other (range 0 -27 days). Th e median slice thickness was 2.5 mm (range, 0.625 -3.0), median tube energy was 120.0 kVp (100 -120), median tube current at femoral neck was 310 mAs (range, 160 -644), and the median CT dose index volume was 17.2 mGy (range, 4.4 -28.6).
Overall, there was excellent agreement between the BMD measurements by the two modalities, both in terms of correlation and absolute values. DXA-and CTE-generated T -scores for femoral neck BMD were highly correlated ( R 2 = 0.84, P < 0.0001), with a Y = X type of agreement (i.e., the data fell close to a line with a slope of 1.0 and a zero intercept), particularly close to region of the osteoporosis diagnostic threshold ( Figure 2 ) .
Th e mean T -score was slightly higher for DXA than CTE (on average, T = − 0.88 for CTE vs. T = − 0.70 for DXA; mean ( ± s.e.) diff erence of 0.18 ± 0.04, P < 0.001 paired t -test). Th e general linear regression analysis indicated some signifi cant -but always weak -eff ects between this diff erence in T -score (DXA vs. CTE) and various patient factors. Th e diff erence was weakly but positively associated with BMI ( R 2 = 0.03, P = 0.03), meaning that the DXA T -score tended to be slightly higher at higher values of BMI. Th ere was no signifi cant eff ect associated with age ( P = 0.06), sex ( P = 0.91), or the time lapse between the DXA and CTE scan ( P = 0.66).
Six of the seven patients who were classifi ed as having osteoporosis by DXA were also classifi ed as having osteoporosis by CTE, yielding a sensitivity of 85.7 % ; 95 % CI, 48.7 -97.4, and a specifi city of 98.5 % ; 95 % CI, 94.5 -99.6. Of the 47 patients who were classifi ed as having low bone mass (i.e., osteopenia) by DXA, 40 were also classifi ed as having low bone mass by CTE (sensitivity, 85.1 % ; 95 % CI, 72.3 -92.6, and specifi city of 85.4 % ; 95 % CI, 76.6 -91.3).
Of the 16 patients who had " fragile " bone strength (femoral strength ≤ 3,000 N for women or ≤ 3,500 N for men) as estimated by the fi nite element analysis, 6 had osteoporosis as defi ned by DXA and 10 had low bone mass (osteopenia; Figure 3 ) ; the same classifi cations were obtained when the CTE T -score was combined with the fi nite element results. Overall, DXA identifi ed 7 patients at high risk of hip fracture compared with 16 patients as identifi ed by combined BMD and bone strength analysis from CTE. Th ere was one patient with osteoporosis by DXA that was not identifi ed by CTE analysis.
Th e relationships between femoral strength and age ( Figures 4a  and b ) revealed some unique characteristics for this IBD population. Nearly 15 % of the patients in our cohort (10 / 71 women and 9 / 65 men) who were under the age of 50 years and who had normal BMD by DXA also had low femoral bone strength -corresponding to osteopenia -by BCT. Of those patients under the age of 50 years who had osteopenia by DXA, three women and three men had fragile bone strength, placing them at high risk of fracture (should they fall). In general, there was a weak but statistically signifi cant negative correlation between femoral bone strength and the age for the women ( R 2 = 0.20, n = 71, P = 0.0001), as would be expected from the general population, but no signifi cant relation for the men ( R 2 < 0.01, n = 65, P = 0.60).
DISCUSSION
Despite the presence of IV contrast with CTE, there was excellent agreement in the femoral neck BMD and subsequent T -scores Perianal modifi er, n ( % ) 6 (6.8)
Disease activity for ulcerative colitis, n 45
No activity, n ( % ) 
Prior bowel resection
Crohn's disease, n ( % ) 59 (43.4)
Ulcerative colitis, n ( % ) 2 (1.5)
Indeterminate colitis, n ( % ) 1 (0.7)
5-ASA, 5-aminosalicylic acid; BMI, body mass index; B1, non-stricturing, nonpenetrating; B2, structuring; B3, penetrating; IBD, infl ammatory bowel disease; L1, ileal; L2, colonic; L3, ileocolonic; L4, isolated upper gut disease ( 29 ); TNF, tumor necrosis factor. Some patients met criteria of more than one phenotype ( 29 Summation of percentages are greater than 100 as many patients were taking more than one of the listed medications.
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between CTE and DXA, the latter being the current clinical standard for assessment of osteoporosis. Th e high degree of correlation ( R 2 = 0.84) reported here is the same as that ( R 2 = 0.84) reported previously between DXA and CT colonography, which uses only oral contrast ( 19 ) . CTE also demonstrated a high degree of sensitivity and specifi city for confi rming osteoporosis (85.7 % and 98.5 % , respectively) or osteopenia (85.1 % and 85.4 % , respectively). Th e excellent agreement observed for this analysis is extremely important as many gastroenterologists use CTE to evaluate the small bowel in patients with IBD. Th ese results, obtained on a typical series of IBD patients using typical clinical CTE scans, indicates that this type for " add-on " ancillary analysis can provide a comprehensive assessment of the bone in IBD patients without any inconvenience to the patient. Finally and importantly, DXA failed to identify a substantial cohort of younger IBD patients < 50 who had either low or fragile levels of femoral bone strength by BCT.
Although there are prior reports of high correlation for measurements of hip areal BMD between DXA scores and CT (17, 30 ) to our knowledge, there is no existing study to report such high correlations specifi cally for CTE, which uses IV contrast for crosssectional imaging for all study patients or when assessing within a specifi c IBD population. Part of the success of this study is related to the technical details of how the scans were analyzed. One such detail was our method of quantitative phantomless calibration. Although phantomless technology generally uses two internal surrounding tissues -typically muscle and fat ( 31, 32 ) -to calibrate the Hounsfi eld unit values of the scan into equivalent-BMD values, the incorporation of IV contrast complicates this process as muscle is highly perfused, preventing its use as an internal reference tissue (blood cannot be used for the same reason). Visceral fat does not appear to be perfused to any appreciable extent, and we used external air as the second reference for calibration. In addition, as our bone segmentation algorithm was independent of any calibration, it was not aff ected by the presence of contrast in any muscle adjacent to the bone. Segmentation artifacts associated with the presence of contrast in the musculature have been suggested as a reason for why measurements of cortical bone density in the proximal femur can be altered by IV contrast, whereas trabecular measurements cannot. Further, although we found the trabecular bone in the vertebral bodies to be highly perfused, it appears that the trabecular bone in the proximal femur was not, consistent with other reports in the literature ( 20 ) .
It is noteworthy that as we used clinical DXA and CTE scans, the results refl ect more real-world actual clinical precision than what Femoral neck T-score
Figures 3 . ( a , b ) Linear fi t for bone classifi cation when combining femoral strength and T -scores from CT enterography (CTE). This plot shows how both femoral strength and femoral neck T -scores, both from CTE, identify subjects who have osteoporosis by dual-energy X-ray absorptiometry (DXA; red points) and osteopenia by DXA (green points). The red line shows the best-fi t line for each sex. The sexes were not pooled because the relationship between strength and femoral neck T -score is slightly different between the sexes; the men tending to have a higher strength for any given T -score. The horizontal solid line denotes the threshold for " fragile bone strength " , which corresponds approximately to the T -score osteoporosis threshold; the horizontal dashed line denotes the threshold for " low bone strength " , which corresponds approximately to the T -score osteopenia (aka low bone mass) threshold. For viewing purposes, data are not shown for two men who had very high strengths ( > 8,000 N). 
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might be expected in a controlled, prospective comparison that would permit little variation in the CT or DXA scanner model. In particular, there was one patient who had DXA-assessed osteoporosis (of the left femoral neck) but who did not have osteoporosis by CTE analysis. Retrospective analysis of that patient revealed that their DXA-based T -score was particularly low for their left hip (compared with their right hip and their lumbar spine T -scores) and, on their left hip only, a lower T -score for their femoral neck region than for the total hip region (we based our overall analysis only on the left femurs). Further, analysis of the CT scans revealed no appreciable diff erence between the left and right hips. We speculate for this case, on the basis of these observations, that indeed the CTE T -score is more reliable than the DXA T -score. Part of the reason for this may be related to the three-dimensional nature of the CT scan, which enables a more standardized (virtual) orientation of the bone, which sometimes can be diffi cult to achieve (physically) in patients during a DXA exam. Th e use of fi nite element analysis of clinical CT scans is a wellestablished research technique for noninvasive assessment of whole-bone strength and is now widely used in various clinical research studies ( 14 ) . Th is technique uses advanced engineering structural " fi nite element " analysis -the same type of analyses used by engineers to design and assess the strength of bridges, cars, buildings, aircraft , and various structural components -to virtually load the bone to failure and in that way provides a noninvasive estimate of overall bone strength. Well supported by cadaver studies, the technique has provided substantial new insight into drug treatment eff ects for osteoporosis ( 14,33 -36 ) and is more highly associated with fracture risk than is DXA ( 15,17,18,37 -39 ) . Th e technique can also identify a subset of individuals who have low bone density (but not in the osteoporosis category) and whose femoral strength is so low as to place them at high risk of hip fracture ( " fragile " levels of bone strength). Because of this, when we combined the BMD and femoral strength assessments from CTE, the number of patients identifi ed as being at high risk for hip fracture was more than double that identifi ed from the DXA results alone.
Owing to larger eff ects of IV contrast on the vertebrae, CTE was not used for lumbar spine assessments in this analysis. Bauer et al. ( 20 ) demonstrated that, although there is a good correlation between BMD (volumetric) for trabecular bone in the spine with vs. without IV contrast, the absolute numbers are highly divergent because of the presence of the contrast in the vertebral bone marrow. It is not yet clear whether retrospective correction via regression analysis is suffi ciently general to provide corrected values of BMD to be used clinically; thus, this warrants further study. Interestingly, Pickhardt et al. ( 40 ) recently reported on using ancillary analysis of any abdominal CT exams -with or without contrast -to identify patients at risk of having vertebral osteoporosis, and who would then be recommended for follow-up DXA imaging. However, these investigators did not calibrate their scans for a quantitative analysis as we did, and they did not appear to treat the contrast-enhanced scans diff erently from the unenhanced scans ( ~ 45 % of their scans were unenhanced). Given our and other ' s ( 20 ) experience with the eff ects of the presence of the contrast in the vertebral bone marrow, it is not clear that their approach would be appropriate for contrast-enhanced CTE exams. Further, whereas their approach seeks to identify patients at risk of having osteoporosis (potentially missing an appreciable proportion of the patients unless sensitivity is very high and requiring a DXA to confi rm in all patients who test positive), our approach provides a more comprehensive assessment than a DXA exam.
Th ere are several limitations worth discussing. Although this was a retrospective study at a single medical center, all analyses were performed in a blinded manner according to a prespecifi ed analysis plan. Despite the relatively large sample size, nearly half of the total potential study population was excluded. Over half of the excluded patients had high BMI ( > 30 kg / m 2 ). As high BMI is associated with imaging artifacts ( 41 ) , which compromise DXA much more than CT ( 42 ), DXA was considered to be unreliable as a standard of comparison in high-BMI patients. Indeed, clinically, bone analysis of high-BMI patients would be more appropriately performed using CT rather than DXA, and thus high-BMI patients can be analyzed clinically. Similarly, most other exclusion criteria would not disqualify patients clinically, although patients with metal implants at the hip or those with motion artifacts (altogether, 11 of the total 234 patients) cannot be analyzed. Because of ( a , b ) . Femoral strength vs. age for women (circles) and men (Y marks). Red points signify patients who had osteoporosis by dual-energy X-ray absorptiometry (DXA), green points signify patients who had osteopenia by DXA, and black marks signify patients with normal bone mineral density (BMD) by DXA. The thresholds for femoral bone strength equivalent to osteoporosis and osteopenia are defi ned by the solid and dashed lines ( " fragile bone strength " and " low bone strength " , respectively). Note that for under age 50, many women and men had low bone strength but normal DXA, and three women and three men had fragile bone strength but osteopenia by DXA.
the large time range for patient inclusion, there were variations in the type of DXA and CT scanners used in this study and also slight variations in the CT acquisition and contrast protocols -challenging for a controlled comparison study but more realistic for a clinical setting. In addition, we used routine dose CTE exams at 120 kVp tube energy. We would anticipate similar performance for lower dose studies, given prior results with CT colonography ( 19 ) , but adaptation to lower X-ray tube energies (which reduce radiation dose) will require further validation. Future adaptation to this and other low-dose CT acquisition techniques is possible, but it may be necessary to adapt or refi ne existing methods depending on what imaging parameters are changed. Finally, we noted wide CIs for identifying DXA-defi ned osteoporosis (sensitivity, 85.7 % ; 95 % CI, 48.7 -97.4) and osteopenia (sensitivity, 85.1 % ; 95 % CI, 72.3 -92.6). Th is primarily refl ects the small number of patients with poor bone health in our study. Our fi ndings would therefore be strengthened by including a larger cohort with signifi cant bone disease and / or fractures. Finally, as DXA-defi ned osteoporosis misses identifying the majority of patients who go on to a hip fracture ( 43 ) , and as the association with hip fracture is at least as high for bone strength as it is for hip BMD ( 15, 18 ) , future studies might also explore outcomes such as fracture occurrence when comparing these modalities. Although the fi nite element analyses are complex and challenging to perform in a local clinical environment, clinical implementation is still highly feasible. For example, to incorporate this test into our medical practice, we plan to use a cloud model to provide such measurements clinically, in which the CT exam is sent to a central facility (O.N. Diagnostics) for analysis, and a medical report is sent back to the hospital. Th is approach, similar to any lab test, moves the burden of technical training, specialized infrastructure, and quality assurance from the hospital to a central facility, although it should be possible in the future to perform the analyses locally if so desired.
In summary, we have demonstrated that clinical contrastenhanced CT enterography exams can provide synchronous hip BMD, T -scores, and clinical classifi cations that are comparable to those obtained from DXA, and when combined with BCT analysis, CTE can further identify a subset of patients with osteopenia who have clinically relevant low levels of femoral strength, placing them at high risk of hip fracture. In a changing healthcare environment where cost containment and practice effi ciency continue to become even more paramount, our relatively large validation study may be quite applicable for daily medical practice. Many gastroenterologists are increasingly using cross-sectional imaging to evaluate the small bowel in patients with IBD. Th e ability to calculate BMD and femoral strength measurements without a phantom on routine CTE as part of post processing prevents the need for an additional DXA scan in patients requiring osteoporosis screening, or for patients desiring to track the effi cacy of medical intervention. In addition, these measurements can be obtained from archived CT data even aft er the patient has left the medical facility. For these reasons, ancillary analysis of CTE exams for BMD and bone strength could potentially improve osteoporosis screening rates in IBD patients and alter management plans.
